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ABSTRACT « 

Crustal Evolution Education Project (CEEP) ^modules 
were'designed to: (1) provide students with t£e methods atfd results 
of continuing i nvestigat ions into the composition, history, and 
processes, of the earth's crust and the application of this knowledge 
to man f s activities and (2) to be used by teachers with little or no 
previous* background in the modern theories of sea-floor spreading, 
continental drift, and plate tectonics-. Each module consists of two 
booklets: a teacher's guide an£ studerft" investigation . The teacher's 
guide contains all of the information 1 present in the student 
investigation booklet as well as: (1) -a general introduction; (2) 
prerequisite student background; (3) objectives; (4) list of required 
materials; (5) background information; (6) suggested approach; (7) 
procedure, recommending two 45~minute class- periods for this module; 
(8) summary questions (with , answers) ; (9) extension activities; and 
(10) list of references. In the^e activities on microcontinental 
tectonics, students duplicate the rotation* 'of some microcont inents , 
determine ^he original location of microclimates by studying their 
paleomagneM sm (declination and inclination), and find out, why .Ba ja , , 
California will someday be' a microcontinent like Madagascar\and New 
Zealand; (Author/JN) - % _ ^ 
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NAGT Crusta! Evolution 

Edward C. Stoever, Jr., 

Welcome to t^ie exciting world of current research 
into the composition history and processes of the 
earth s crust and the application of this knowledge 
to man s activities The earth sciences are 
currently experiencing a dramatic revolution in 
our understanding of tne way in which the earth 
works CEEP modules ^re designed to bring into 
the classroom the methods and results of these 
continuing investigations The Crustal Evolution 
Education Project began work in 1974 under 
tne auspice^ of the National Association of 
Geotogy Teachers Cf EP materials have been 
• developed by teams of science educators 
classroom teachers and scientists Prior to 
publication the materials were field tested by 
more trtan 200 teachers and Over 12 000 students 
Current custal evolution research is a breaking 
s*of/*thaf students are hvmg through today 



Education Project 

Project Director 

Teachers and students alike have a unique 
opportunity through CEEP modules to share»in the 
unfolding of these educationally important and 
exciting advances CEEP modules are designed 
to provide students with appealing firsthand 
investigative experiences with concepts which are 
at or close to the frontiers of scientific inquiry into 
plate tectonics Furthermore the CEEP modules 
are designed to be used by' teachers with little or 
no previous background in the modern theories 
of sea-floor spreading continental drift and plate 
tectonics 

We Know that y,ou will enjoy using CEEP 
modules in /our classroom Read on and be 
orepared to experience a renewed enthusiasm, for 
t^acnmg as you learn more about the living earth 
ir th-s and other CEEP modules 



About CEEP Modules... 

Most CEEP modules consist of two booklets a " 
Teacne r s Guide and a Student Investigation Tr?e 
T eacners Gu'oe contains all the information 
and ifSstra-ttons m tne Student Investigation 
Di _jS sections printed m color intended only for tne 
teac n er as well as answers to the questions that 
a^e deluded in tne Student Investigation 
m som$ nodules there a f e illustrations that 
, apoear on\j ir, Teachers Guide and these are 
'lesigna'ed d/ figure letters instead of the number 
seq lence used - n the Student investigation 

For some modules maps rulers and other 
co mrrx on classroom m^tf-nais are needed and in 

\ * 
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varying quantities according to tfte method of 
oreseniation Read over the module before * 
scnea^ing its use f n class and refer to^the list of 
MATERIALS in the module 

Each module is individual and self-contained in 
content nut some are divided m?o two or more 
parts for convenience The recommended lengtn 
of t^e for each module is indicated Some modules 
t^q.j.rf prerequisite knowledge of some aspects 
of oasic eartn science this »s noted m the 
To^ c ^ er s Guide 



7*e material was prepared with the 
s^opor* of National Science Foundation ' . 
Grant Nos-SED 75-20151 SED 77-08539 
and SED'78-25104 However, any opinions 
f^ndiags conclusions or recommendatrons 
•expressed here*o are those of the author^) 
and,/;© not rece^sant/ reflect the views 
of NSf ** 

la order to comply With U S Public Law 
94 86 eyer-y school district m the USA 

* uSino^the^e materials agrees to make 

* fhero'availabie for inspection by parents or 
guardians t>f children engaged in 
educational programs £>r projects of the 
school district 
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When A Piece Of 

A Continent Breaks Off 



Ne^ 



INTRODUCTION 

In this module the students will duplicate the 
rotation of some microcontinents-, figure out the „ 
original location of some microcontinents by 
using paleomagnetism, and find out where 
Baja California Js going. * 



What happens when a piece of a continent breaks 
off from the larger iandmass? This, is what y(ou 
will find out m this module \ 

Sometimes, piece$jOf continents break off 
from the larger landmass Madagascar and 
Zealand are two examples of this. Look at a I 
world globe and see if you can figure out what 
continent each one was once a part of, Wrrte 
your answers in the spaces below. 

Madagascar — Africa 

New Zealand— Australia 
> 

PREREQUISITE STUDENT BACKGROUND , 7 

In order to complete this activity satisfactorily, 
the students should have some understanding 
of declination, inclination, and paleomagnetism. 

OBJECTIVES ^^^^^w.,:- > 
After you have completed this activity, you 
' should be able to 
1. Describe what happens to microcontinents 
caught between two crustal plates that are moving 
in opposite directions. 

MATERIALS a^^^^^^^^^ ^em^ ^^^^^^^ 
One jar lid, between 10 and 12 em in diameter 
Two boards or strips of wood, each about 30 cm 
in length ft 

Scissors * 
Paste 

String \* 
World globes 

There should be one set consisting of a jar lid, 
wood, scissors, paste and globe for each 
group. However, one or tvyo large globes wH| do 
for the whole class if a number of small one$ 
are not avairabfe. Cut strings to equal the distance 
from the middle of Baja California to 51° N. 
latitude, 66° W. longitude on your globe(s). . , 



Landmasses like Madagascar and New Zealand 
are called microcontinents. Put your thuVnb 
and forefinger together, then slowly moye them 
apg/1. This is the way Baja California is now 
moving away from North America (Find 
Baja California on the*§Jobe ) Some day it will 
be a mic'rocontment like Madagascar and 
New Zealand. ' 



2. Tell where a microcontinent came from by 
* studying its paleomagnetism (declination 
and inclination). 



1 
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SUGGESTED APPROACH 

Basically, this activity should be carried out by the 

students as independent inquiry. Some class ' 

discussion is encouraged to reach a satisfactory 

conclusion. An extension activity' Is available 

for those students who want to go further, or 

proceed at a faster pace than the^est of the class. 
« 

PROCEDURE MKmnmmmmMmmam*m*mm*rtm 

'in this activity, Jhe students will cut oifKa map 
of part of Oregon and Washington,, paste It on 
a jar lid, and Rotate it to see how this N 
microcc^ntinent turned between two crustal plates. 
Key words: paleomagnetic direction, mlcro- 
contynent, deciination, inclination, paleomagnetlsm 
Time required: Jwo 45-minute periods 
Materials, scissors, paste, 1 jar ltd, 2 pieces 
of wood (or rulers) 

When a piece of a continent breaks off, it can ge^ 
caught between two crusjal plates that are ' 
moving past each other in opposite directions 
What do you think would happen to it then 9 
In this activity you will tjnd out. 



The map in Figure 1 shows the age (in millions 
of years) and paleomagnetic direction (the 
direction that was magnetic north when the rocks 
were*formed) of rocks at three places in 
Oregon. It also shows the direction in which you 
would expect magnetic north to have -been for 
these and other rocks in the area that formed 
at the same time. 

Cut out the part of Oregon and Washington that 
is encifcled by the curved line' ih Figure 1 
Paste this piece on ^j ar lid 
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proceed at a faster pace than the^est of the class. 
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moving past each other in opposite directions 
What do you think would happen to it then 7 
In this activity you will tjnd out. 



The map in Figure 1 shows the age (in millions 
of years) and paleomagnetic direction (the 
direction that was magnetic north when the rocks 
were*formed) of rocks at three places in 
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at the same time. 

Cut out the part of Oregon and Washington that 
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Put something like a pencil or pen on the 
opposite side of your desk to represent the north 
magnetic pole 40 to 60 million years ago. 
Npw place the jar lid on the desk in front of you. 
Point the 60 4 m.y. arrow to your imaginary* 
north magnetic pole. Put two pie'ces of wood on 
opposite sides of the jar lid, as shown in the 
diagram in the lower right-hanii corner of the map, 
and move the wooden pieces in the directions 
that the arrows point. 

If the students do this correctly, the jar lid 
should turn in a clockwise direction. 

1. In what direction does the \as lid and its piece 
of map turn, clockwise or counterclockwise 9 
clockwise 

2. What do you have to do to get the 50 m.y. . 
arrow to point to your north magnetic pole? • - 

Turn clockwise from 60 m.y.' to 50 m.y. 

3. What do you have to do to get the 40 m,y. 
arrow to point to your north magnetic pole 9 

Keepbn turning clpckwise from 50 m.y. to 40 m.y. 

4. In what direction have these three places in 
Oregon moved in comparison with most of 
Oregon and Washington? * 
They have all turned clockwise. 



5. How can you explain this? 

The 60 m.y. rocks were formed on a micfocontlnent 
that turned^a little between two plates moving 
in opposite directions past each other. Then 
the 50 m.y. ropks were formed 'ajd turned a little 
more with the 60 m.y. rocks. Later the same 9 
* thing happened to the 40 m.y. rocks. 

Some geologists call Alaska the/'garbSge dump" , 
of the Pacific. This is because part of the 
Pacific crustal plate is moving toward Araska, # # 
and any piece of broken-6f£ continent that'is 
, in the eastern Pacific -may end up in Alaska. „ . 

Here4he students try to locate the original position 
of a pfcce of Alaska, using the paleomagnetic 
declination and inclination of the drifting rocks. 

You have learned already that the declination 
is the direction a compass needle points, 
compared with the direction of,;the north 
geographic pole The inclination is the magnetic 
needle's dip or angle from the horizontal. The . 
inclination of a magnetic needle is downward if^ 
the needlens n'orth of the equator, upward * 
' if the needle is south* of the equator The paleo- 
magnetism in a rock shows the positiorf of the 
magnefic field of the earth at the timerthe rock 
was formed Using this information, you can 
figure out from where parts of Alaska came. 
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TnassiC rocks- in 
Wrangell Mountains have 
inclination about 30* up 




Tnasstc rocks should tiave 
. inclination about 60* down 




Figure 2 Map of Wrangell Mountains region in Alaska 

Look at Figure 2. Find the outline of the Wrangei! 

Mountains The inclination for the Triassic 

rocks is 30° above the horizontal. Because oUhe^ 

location of Alaska, ^inclination should be 

60° below the hoi\zontal. 

6. Was the Wrangell Mountains microcontinent 

located north or stfuth of the equator during the 

Trias^ic 9 

Because the Inclination for the Trlasslc rocks is 
30° above the horizontal, the Wrangell j 
Mountains microcontinent was located kouth 
of the equator during the Triasslc. 
Again look at the outline of the Wrangell 
Mountains in Figure 2. The solid arrow shows the 
declination of the Triassic r<^ks in the Wrangell 
Mountains. The dotted arrow shojfs the 
declination that the TriasSic rockjj|bould hrave 
in Alaska. You can see that thesjKcks have 
rotatejd 90° compared with the expected 
declination of Triassic rocks in Alaska. Using a 
map of the world, swmg this area around in an 
imaginary counterclockwise arc just below 
the equator until the solid arrow points in the 
same direction as the dotted arrow. 



) 

7. Where are the Wrangell Mountains now 9 See 
if you can come up with an answer with which 
everyone agrees 

The Wrangeii Mountains microcontineot^wds up 
approximately in the. region- of present-day 
Peru. This may be overdoing it a bit, since" 
everything else was moving at the same time, btlt 
it does indicate the principle. * • 

When you have all agreed where this micro- 
continent was located during the Triassic, try to 
figure out how (in ways other than paleo- 
magnetism) Triassic rocksrin the Wrangell 
Mountains might differ from Triassic rocks in the 
rest of Alaska 

If the Wrangell Mountains were near the equator 
and west of Central or South America during 
the Triassic, they should have rocks and - 
fossils that show they were formed In a warm 
climate compared with the cold climate rock and 
fossil fypes of the rest ofihe Alaska Trlasslc 
rocks. 
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In this case, the microcontlnents are turning In 
a coilrfterclockwise direction. 
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SUMMARY QUESTION 

Find Corsica, Sardinia, Sicily, and Italy on a 
globe. If Africa is moving eastward compared . 
with Europe, in wbat^Jirection are these 
microcontinents % turmng (clockwise or counter- 
clockwise)? 

r 

EVA LU AT I O N -^^s^gE^^is^^gasgg^^ 

In addition to a written evaluation you can 

observe the students' participation and ^ 

performance as a means of informal evaluation. * 
Alternatively, you may wish to have them find out 
how fast Baja California will move (j.e., the rate 
at which the Pfteifiq Plate is movlng)ilf it will take 
50 million years to reach Aia&ka^along the' 
path thiat they have shown it will follow. 



EXTENSION * ***j56&&3En^^ 
Materials, string, world g'lbbe 

In the INTRODUCTION of this module, you read 
that Baja California Was breaking off from 
North America, Where do your think it will 
eventually end up 9 To find out, place one end of 
a string on a world-^lobe at Baja California. 
Place the other end at 51° N. latitude and 66°W. 
longitude Keying the 51°-66° end of the string 
pressed against the globe, swing the other end 
of the string up and around through the Pacific 
until it pomes to land again. Where did the 
moving end of the string end up? Where will 
Baja California be some day? 



If *done correctly, the left-hand end of the string 
will swing up and around to Alaska. This Is 
where fedja California will eventually end up. 
This wHI take about 50 million years. 
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NAGT CrUstal Evolution 
Education Project Modules 

CEEP Modules are listed here in alphabetical 
order. Each Module is designed fcriise in 
the number of class periods indicated. For 
suggested sequences of CEEP Modules to 
cover specific topics and for correlation 
of CEEP Modules t© standard earth science 
textbooks, consutt Ward's descriptive 
literature on CEEP The Catalog Numbers 
shown here refer to the CLASS PACK 
of each Module consisting of a Teacher's 
Guide.and 30 copies of the Student 
Investigation See Ward's descriptive # 
hteratur^/for alternate order quantities. 



CEEP Module 



Class CLASS PACK 
Periods Catalog No, 
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INTRODUCTION ' % - 

What happens when a piece of a continent breaks 
off from the larger Jandmass? This is what you 
will find out in this module. 

Sometimes^pieces of continents break off 
from the larger landmass Madagascar and Ne\A6 
Zealand are two e*ampleS'Of this ( Look at a 
world globe and see if you can figure out wh*t 
continent eacn one was onee a part of Write 
your answers in the spaces below 
Madagascar — 

New Zealand— 

\ 

OBJECTIVES ^^ ^i^^ . ..-w-^r, 
Affer you have qompleted this activity, you 
should be able to: 

1. Describe what happens to microcontinents 
-caught between two crustal plates that are-moving 
in opp6site directions. 



Landmasses.hke Madagascar and New Zealand 
are called microcontinents. Put your thumb 
and forefinger together, then slowly move them 
apart This is the way Baja California is now 
moving away from North America, (Find * 
Baja California on the globe,) Some day it will 
be a microcontinenMike Madagascar and 
New'Zealand. 



2. Tell, where a microcontinent came from by 
studying its.paieorffagnetism (declination 
and inciinalion), 
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Figure 1. Map of the Pacific Northwest. 



PROCEDURE 

Materials, scissors, paste, ^ jar lid, 2 pieces 
of wood. ^ 

When a piece of a continent breaks off, it can get 
caught between two crustal plates that are 
moving past each other in opposite directions, f 
What do you think would happen to it theh? 
In this activity you will find out. 

The map in Figure l;shows the age (in millions * 
of vears) and paleomagnetic direction (the 
direction that was magnetic north when the-rock^ 
were formed) of rocks at three places in 
Oregon. It'also shows the direction in which you 
would expect magnetic nortivto have been for 
these and other rocks in the, area that fQrmed 
at the same time. 



Cut out the part of Oregon and Washmgton'that 
4s encirclecU^the curved line in Figure 1. 
Paste this piece on a jaF Ud. 

Put something like a penc^ or pen on the 
opposite side of your deraWto represent the north 
magnetic pole? 40 to 60 million years ago. 
Now place the jar lid on the desk in front of you. 
Point the 60~m.y. arroW^o your inr^ginary * . 
' north magnetic pole. Put two pieces of wood on 
opposite sides of the jar lid, as shown in the 
diagram in the lower right-hand corner of the map, 
apd move the wooden pieces In the directions 
that the arrows point. 




1. in what direction does the jar lid and Tts piece 
of map turn, clockwise or counterclockwise? 

fl. What do you have to do to get the 50lfi.y. 
arrow to point to your north magnetic pole'? 



3. What do you have to do to get the 40 m'.y. 
arrow to point to your north magnetic pole? 



4. In what direction haveJhese three places in 
Oregon moved'in comenpson with most of 
Oregon and Washinjton? 



5. How can you explain this'? * 
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Some geologists call £iaska the "garbage dump'* 
of the Pacific. This is because part of the 
Pacific crustai plate is moving toward Alaska, 
and any piece of broken-off continent that is 
jn the eastern Pacific may end up in Alaska. 

You have learned already that the declination 
is the direction a compass needle points, 
compared with the direction of the north 
f geographic p<?le. The Inclination is the magnetic 

needle's dip or angle from the horizontal. The 
inclination df a magnetic needle is "downward if 
the needle is north of (he equator; upward 
if the needle is south of the equator, the paleo- 
magnetism in a rock shows the position of the 
magnetic field of the earth at the time the rock 
, was formed.. Using this information, you can 
© jgure out from where parts of Afeska carhe. 

j\LQ / 
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TnassiC rocks in 
Wrangell Mountains rjave 
• nchnation about 30 up 



, Tnassic rotks should have 
x inclination aboil 60' 'cjown 




Figure 2 
Alaska 



Map of Wrangell Moifntjuns region ip 



Look at Figure 2 Find the outline of the Wrangell 
Mountains The inclination for the Tnassic 
-rocks 15 30° above the horizontaf Because of the 
location of Alaska, the inclination should be 
60° below the horizontal 

6, Was the Wrangell Mountains microcontment 
located north or south of the equator dunng'the 
Tnassic 9 



Again look at the outline of the Wrangell 
. Mountains in.Figure 2. The solid arrow shows the 
declination of the Tnassic rocks in the Wrangell 
Mountains. The dotted arrow shows the 
declination that the Triassic rocks should have* 
in Alaska. You can see that these rocks have 
rotated 90° compared with the expected 
declination of Triassfc rocks in Alaska. Using a 
map of the world, swing this area around in an 
imaginary counterclockwise arc just below 
the equator until the solid arrow points in the 
same direction as the dotted arrow. 
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7. Where are the Wrangeii Mountains now? See 
if you can come^Jp with an answer with which 
everyone agrees^- ? # 



When you have all agreed where ttfis micro- 
continent was located during the Tnassic, try to 
figure out how (in ways other tjnan paleo- 
magneti8m) Tnassic rocks in the Wrangeii 
Mountains mighf diffe^from Tnassic rocks in the 
rest of Alaska , ' 7 



SUMMARY QUESTION 

Find Corsica, Sardinia,. Sicily, and Italy on a 
globe. If Africa is movfeg eastward compared 
with Europe, in yihat dfrectiorfarp these 
microcontinentsvtuming (clockwise or counter 
clockwise)? • • \y 
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♦ Materials: string, ^oricTgiobe,^ ( . 

in the*INTR0DAJCTION" of this module, you read 
that Baja Gafif6?nta was'breaking off from . 
North America., Where do you tjun^jt wjli . 
eventually end up? TcTflnd ou^ place orre-end of 
3 string on a world globe at Baja'Caiifornia^ ' 
Piac^the other end at 51 ° N. latitude and 66°W7~~ 
longitude. Keeping the 51 d -66°^nd of the string 
pressed against the globe, swing the other end 
of the string up and around through the Pacific- 
until it comes to land again. Wher^^d the 
moving end oj the string end up? WlW^y&ili 
Baja California be some day? 
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